The aim of this study was to evaluate the effect of kimchi powder levels (0, 1, 2, and 3%) and pork skin (5%) on the quality characteristics of liver sausages. The additions of the kimchi powder and pork skin improved the color, cooking yield, and sensory properties of the sausages. The addition of the pork skin and increasing concentrations of the kimchi powder significantly increased cooking yields. The moisture and protein contents of the sausages made with kimchi powder and pork skin were higher than those of the control (p<0.05). Due to the low pH of the kimchi powder, the pH values of the batter and sausages with added kimchi powder were lower than those of the treatment without kimchi powder (p<0.05). The control had the lowest hardness, gumminess, and chewiness values (p<0.05). For the sensory attributes of the samples, color, flavor, juiciness, and overall acceptability were higher in the treatments made with kimchi powder than in the treatments without kimchi powder, in which the treatment with 2% kimchi powder had the highest overall acceptability (p<0.05). In conclusion, the additions of kimchi powder and pork skin improved the quality characteristics of liver sausages.
Introduction
Liver sausage is one of the most commonly consumed sausage types in Europe due to European preference for its specific flavor and the various levels of liver eliminated gall with which it is made. A considerable number of studies have been conducted on the manufacturing process of liver sausage (Hammer, 1998; Moon, 1987; Wiegner, 1981) . Pork liver contains high levels of nutrients such as protein, lipids, vitamins A, D, E, B, and iron. Therefore, due to its abundant nutritional value, pork liver sausage is an ideal food for growing children, eyesight protection, and anemia protection and treatment (Lee and Cho, 1999) . On the other hand, liver sausage is high-calorie (around 300-400 kcal/100 g) with a relatively high percentage of lipids (30-40%) (McCance and Widdowson, 1992; Mataix, 1994; Senser and Scherz, 1999; Moreiras et al., 2001) , and due to interests in health and reduced fat intake, individual may avoid its consumption. Liver sausage, in particular, is one of the most heat-sensitive meat products (Wirth et al., 1971) ; even sausages heated at low temperature can have a bitter and burnt taste. In 1995, 7.6% of tested liver sausages had a negative burnt, high-temperature-heated flavor (Stiebing, 1996) . Lee et al. (1997) reported on lipid rancidity, and Hong et al. (2003) reported on the physicochemical properties of liver sausages. Although liver sausage has abundant nutrients, in Korea, applications for liver are limited due to the negative burnt, high-temperatureheated flavor of the sausage as well as the dark brown color caused by the Maillard reaction between the liver amino acids and sugars (Hilmes and Fischer, 1997) .
Pork skin, a by-product of slaughter, may potentially improve quality and reduce production cost when used as a replacement for raw meat. Pork skin contains 44.24% moisture, 28.29% fat, and 26.27% protein. Moreover, pork skin mainly contains collagen protein (269.67 mg/g) (Osburn, 1996) that is converted to soluble gelatin, forming a membrane of fat globules, breaking hydrogen bonds and covalent bonds (Bell, 1989) . Furthermore, collagen may have use in certain fabricated meat items (Zhang et al., 2009) . Some proteins perform functional characteristics such as water holding capacity, gel forming, stability, and solubility (Hammonds and Call, 1972 Zachariah (1973) reported that the water-and fat-holding capacity of sausage were improved by adding enzymehydrolyzed pork skin collagen as a binder. Kimchi, a traditional Korean fermented food, is a recognized dish all over the world, and has high nutritional value including vitamins, minerals, and dietary fiber since it contains different vegetables (radish, onion, green onion, etc.) and spices (garlic, ginger, hot pepper, etc.) (Lee and Kunz, 2005) . The dietary fiber in kimchi can prevent diseases such as cancer, constipation, obesity, arteriosclerosis, diabetes, hypertension, and gallstone formation (Park et al., 1996) . Furthermore, dietary fiber is desirable not only for its nutritional properties but also for increasing cooking yield due to its water and fat binding properties, improving the texture properties of cooked meat products (Thebaudin et al., 1997) . Finally, the addition of kimchi powder in meat products can reduce burnt flavor and improve color (Lee et al., 2008) .
Therefore, the objective of this study was to improve acceptability of liver sausage, in terms of nutritional value and Korean taste preference, by the addition of kimchi powder, and to evaluate the physicochemical and sensory properties of different formulations containing pork skin and various levels of kimchi powder.
Materials and Methods

Preparation of kimchi powder
Baechu kimchi (Chongga kimchi, Daesang FNF, Seoul, Korea) was obtained from a local market. The kimchi was removed of its water and juice after fermentation in a refrigerator (4ºC). The kimchi was dried by a hot air dryer (Enex-Co-600, Enex, Koyang, Korea) at 60ºC for 12 h. The dried kimchi was pulverized by a blender (KA-2610, Jworld Tech, Ansan, Korea) for 30 s and screened through a 35 mesh sieve. The kimchi powder contained 32.5% dietary fiber (7.40% soluble dietary fiber and 25.09% insoluble dietary fiber).
Formulation and processing of liver sausages
Fresh pork hams, weighing 6.5-7.0 kg each, were purchased from a pilot plant at Konkuk University, Korea, at 48 h postmortem. The pork back fat, pork liver, and defatted pork skin were also collected from the slaughter house. All subcutaneous and intramuscular fat and visible connective tissues were removed from the fresh ham muscles. The liver sausage formulation is presented in Table 1 , and the manufacturing process is presented in Fig. 1 .
The manufacturing process was divided into two parts involving cured and emulsified portions of lean pork meat. A silent cutter (Nr-963009, Scharfen, Witten, Germany) was used for emulsification. Then, the emulsion was mixed with the pork liver in the cutter for 2 min. The cured and emulsified portions were mixed, and the pork liver chopped using the 3 mm plate was added. Two percent isolated soy protein, 0.44% nitrite pickle salt (NPS), and kimchi powder were added to this mixture, and then blended for 15 min and stuffed into fibrous casings (approximate diameter of 72 mm) using a stuffer (IS-8, Sirman, Marsango, Italy). The hot-air-dried kimchi powder was added at levels of 0, 1, 2, and 3%. These percentages were based on the control formula weight. Then, the liver sausages were dried in a smoker (ES-1, ETL testing laboratories INC., Newyork, USA) at 55ºC for 30 min, smoked at 65ºC for 60 min, and cooked at 75ºC for 2 h. The cooked liver sausages were cooled by cold water for 3 min and stored at 4ºC until testing.
Proximate composition
The compositional properties of the samples were determined using standard AOAC (1995) methods. The moisture contents were determined by weight loss after 12 hr of drying at 105ºC in a drying oven (SW-90D, Sang Woo Scienctific Co., Bucheon, South Korea). The fat contents were determined by the Sohxlet method with a solvent extraction system (Soxtec ® Avanti 2050 Auto System, Foss Tecator AB, Höganas, Sweden). The protein contents were determined by the Kjeldahl method 
